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Relative risksA decade after the implementation of prevention plans designed tominimise the impact of high temperatures on
health, some countries have decided to update these plans in order to improve the weakness detected in these
ten years of operation.
In the case of Spain, this update has fundamentally consisted of changing the so-called “threshold” or “trigger”
temperatures used to activate the plan, by switching from temperature values based on climatological criteria
to others obtained by epidemiological studies conducted on a provincial scale.
This study reports the results of these “trigger” temperatures for each of Spain's 52 provincial capitals, as well as
the impact of heat onmortality by reference to the relative risks (RRs) and attributable risks (ARs) calculated for
natural as well as circulatory and respiratory causes.
The results obtained for threshold temperatures and RRs show amore uniform behaviour pattern than those ob-
tained using temperature values based on climatological criteria; plus a clear decrease in RRs of heat-associated
mortality due to the three causes considered, at both a provincial and regional level as well as for Spain as a
whole.
The updating of prevention plans is regarded as crucial for optimising the operation of these plans in terms of
reducing the effect of high temperatures on population health.
© 2015 Elsevier Ltd. All rights reserved.1. Introduction
The effects that extreme temperatures have on mortality are evi-
dent, and there are a numerous publications which attest to this (Basu
and Samet, 2002). Consequently, prevention or action plans have been
implemented in many parts of the world to deal with extremely high
temperatures. Nevertheless, in addition to themany uncertainties asso-
ciated with determining the health impact of extreme temperatures
(Konkel, 2014), when it comes to activating the action plans intended
to counter the effects of such temperatures, different problems arise,
linked, in great measure, to the lack of a common definition of what is
known as a “heat wave” in public health (Montero et al., 2013).
The most of the studies considered as examples for illustration
studies conducted using maximum daily temperature as the environ-
mental variable to define heat waves, and daily mortality as the health
variable to measure their impact (Wu et al., 2014; Zhang et al., 2014;
Benmarhnia et al., 2014). Our goal is to define precisely at which
specific temperature a heat wave can be deemed to exist, i.e., the
point known as the “threshold” or “trigger” temperature. Some usec Health, Carlos III Institute of
.
strictly climatological criteria for defining a heat wave, i.e., a heat
wave exists when the maximum daily temperature exceeds the 95th
percentile of the series of maximum daily temperatures for the summer
months (Montero et al., 2010); and, others hold the view that a multi-
tude of parameters, such as socio-economic, demographic factors and
the different acclimatisation to warmer temperatures (Barret, 2015),
affect the magnitude of mortality risk in response to a rise in tempera-
tures. Specific epidemiological studies focusing on the mortality-
temperature relationship would have to be undertaken to determine
the dose–response curve and whether indeed a temperature exists at
which heat-related mortality starts to rise sharply (Montero et al.,
2012). Establishing a threshold or trigger temperature for activating a
heat health warning system (HHWS) is useful (Kovats and Kristie,
2006), and such a threshold can also be used for quantifying impacts
of heat waves on mortality (Kent et al., 2014).
The Spanish Heat Wave Prevention Plan was first activated in 2004,
and was based on threshold temperatures selected by reference to cli-
matological criteria, which largely used the 95th percentile of the clima-
tological temperature series for the summer months in the period
1971–2000 to determine the trigger temperature (MSSSI, 2015). Stud-
ies undertaken recently have highlighted the fact that, in certain cases,
activation of the plan was not accompanied by the desired fall in
mortality (Culqui et al., 2014; Linares et al., 2015b) and, moreover,
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if the Plan had been activated (Montero et al., 2010). If the relative risks
(RRs) associated with the threshold temperatures so obtained are
calculated, these display a rather inconsistent behaviour pattern
(Tobías et al., 2012), i.e., a few kilometres away from provinces with
very high RRs, there are others with very low RRs.
These inconsistencies have led Spain's Ministry of Health, Social Ser-
vices & Equality (Ministerio de Sanidad, Servicios Sociales e Igualdad/
MSSSI) to reconsider the suitability of the plan which has been in
place until now, and based on the criteria outlined above, to update
the respective threshold temperatures established for the country's pro-
vincial capitals,with this serving as a basis for the 2015National Plan for
Preventive Actions against the Health Effects of Excess Temperatures
(MSSSI, 2015).
The designated aimof this studywas to pinpoint themaximumdaily
temperature above which a significant increase in heat-related mortal-
ity was observed for each of Spain's provincial capitals; and, to calculate
the relative risks for an increment of each degree above the temperature
threshold detected and associated attributable risks and ascertain how
these were distributed geographically. This analysis extended to
increases in daily heat-related mortality due not only to natural, but
also to circulatory and respiratory causes.
2. Methods
2.1. Setting
Spain is the second largest country in Western Europe
(504,030 km2), with a total population of 46,507,760 (INE, 2014).Main-
land Spain is bordered to the south and east by the Mediterranean Sea,
to the north by France and the Bay of Biscay, and to the north–west and
west by the Atlantic Ocean and Portugal. Spanish territory also includes
the Balearic Islands in the Mediterranean, the Canary Islands in the
Atlantic Ocean off the African coast, and two autonomous enclaves in
North Africa, namely, the cities of Ceuta and Melilla. The country is di-
vided into 17 Autonomous Regions (Comunidades Autónomas), which
are in turn subdivided into one to nine provinces, each with its own re-
spective provincial capital. Due to Spain's geographical situation and
conditions, the climate is extremely diverse and can be roughly classi-
fied into the following five main zones: a Mediterranean climate
extending along the southern and eastern coasts up to the Pyrenees; a
semi-arid Mediterranean climate in the south-east; a continental
Mediterranean climate in the inland areas ofmainland Spain; anoceanic
climate in the north–west and along the coastal strip bordering the Bay
of Biscay; and a sub-tropical climate in the Canary Islands (Prieto et al.,
2004).
2.2. Data
As the health variable, we used data on dailymortality due to natural
causes (International Classification of Diseases 10th Revision (ICD-10):
A00-R99), circulatory causes (ICD-10: I00-I99) and respiratory causes
(ICD-10: J00-J99), in each of Spain's 52 provincial capitals and in
towns and cities of over 10,000 inhabitants, across the period 1 January
2000 to 31December 2009. The dailymortality datawere obtained from
microfiches containing death data broken down by cause of death and
supplied under a data loan agreement by theNational Statistics Institute
to the Carlos III Institute of Health (Ministry of Economic Affairs &
Competitiveness/Ministerio de Economía y Competitividad), for the
purpose of undertaking a “Study of influenza-related mortality in
Spain”. This analysis is an ecological design so it was exempt of ethics
panel.
The maximum daily temperature data for this period corresponded
to the records kept by the respective meteorological observatories
in the various provincial capitals, and were furnished by the State
Meteorological Agency (Agencia Estatal de Meteorología/AEMET),except in the case of Palencia for which there were no records for
the period. The meteorological observatories were located in places
established by the State Meteorological Agency (www.aemet.es).
There are different international approaches in literature to deter-
mine the threshold temperatures (Basu and Samet, 2002; Tong et al.,
2010; Gasparrini et al., 2015). In this analysis we follow themethodolo-
gy employed for determining the threshold temperatures used to define
heat waves in the following papers: Montero et al., 2010; Mirón et al.,
2012, 2015; Roldán et al., 2014; Linares et al., 2015a. The advantage of
working with residuals rather than daily mortality is that, after model-
ling, residuals display neither trend nor periodicities (both of which
are inherent in daily mortality), with the result that any associations
foundwill therefore show a genuine causal mortality-temperature rela-
tionship from a statistical standpoint (p b 0.05) any associations be-
tween temperature and mortality, will not be confounded by longer
term time trends and seasonal patterns. We first fitted a univariate
autoregressive integrated moving average (ARIMA) model (Box et al.,
1994) for daily mortality in each of the 52 provincial capitals, which
allowed us to obtain the residuals of the mortality series. From the
ARIMA models we obtained the fit and the confidence intervals corre-
sponding to this fit (upper and lower). The residuals of mortality are
the difference between the raw mortality and the fit. Then we
proceeded to plot the following on a scatter plot diagram: the mean
value of the mortality series residuals on the same day (vertical axis);
the maximum daily temperatures at 2 °C intervals (horizontal axis),
and their corresponding 95% confidence intervals (CIs) (upper and
lower limits of the CI: UL and LL respectively); and the 95% CIs of the
meanof the residuals for the entire study period (shown by parallel bro-
ken lines). When these mortality residuals are showed in a scatter plot
with the maximum temperature data, the deviations detected corre-
spond to real mortality anomalies. The temperature from which the
mortality residuals increased significantly vis-à-vis the mean would
thus be the threshold temperature.
The impact of temperature onmortalitywas quantified, using gener-
alised linear model (GLM) methodology, with the Poisson regression
link. This methodology allows for calculation of the relative risks (RRs)
associated with increases in the environmental variable, in this case
temperature. Based on the RR, we then calculated the attributable risk
(AR) associated with this increase via the following equation (Coste
and Spira, 1991):
AR ¼ RR−1ð Þ=RR½   100:
On fitting the model, we controlled the following: firstly, for
seasonalities of an annual, six-monthly and quarterly nature, using the
sine and cosine functions with these same periodicities; and secondly,
for trend and the possible autoregressive nature of the series.
To consider the effect of a heat wave through maximum daily tem-
peratures (Tmax), we respectively created the variables Tcal, defined
on the basis of the previously calculated mortality threshold tempera-
tures (Tthreshold) as follows:
Tcal ¼ 0 if Tmax b Tthreshold
Tcal ¼ Tmax–Tthreshold if Tmax ≥ Tthreshold:
From the point of view of mortality's impacts, we have considered
heat-wave any day that surpasses the threshold considered in each
city analysed (Díaz et al., 2002a,b).
Given that the effect of a heat wave on mortality may not be imme-
diate, the following lagged variableswere calculated: Tcal (lag 1), which
takes into account the effect of the temperature on day “d” onmortality,
one day later, “d+1”; Tcal (lag 2), which takes into account the effect of
the temperature on day “d” onmortality, two days later, “d+2”; and so
on successively. The number of lagswere selected on the basis of the lit-
erature, which establishes that the effect of heat is a short-term effect
(Tcal: lags 1–4) (Alberdi et al., 1998). The trendwas controlled through
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starts the first day of the series being 1 on January 1st of year 2000
and continues to the end of the series being 2963 on December 31st of
2009.
Significant variables (Tcal and its corresponding lags and the control
variables) were determined using the step–step procedure, beginning
with themodel that included all the explanatory variables, and gradual-
ly eliminating those which individually displayed least statistical signif-
icance, with the process being reiterated until all the variables included
were significant at p b 0.05. Modelling was performed for the summer
months (June to September). These RRs were calculated for both
natural-cause and circulatory- and respiratory-cause mortality.
The increases in the RRs and ARs obtained refer to increases for
each °C that the maximum daily temperature exceeded the threshold
temperature.
The RRs for each province obtained by Poisson regressionwere com-
bined using a random effect meta-analysis, which incorporates an esti-
mate of between-study variation (heterogeneity) in the weightingTable 1
Descriptive statistics of mortality due to natural, respiratory and circulatory causes and maxim
City Natural mortality Respiratory mortality
Mean SD Min Max Mean SD Min M
A Coruña 28 6 12 51 3 2 0 1
Albacete 8 3 1 18 1 1 0
Alicante 32 6 13 59 3 2 0 1
Almería 10 3 1 22 1 1 0
Ávila 5 2 0 14 1 1 0
Badajoz 15 4 3 34 2 1 0
Barcelona 105 16 62 203 9 4 2 2
Bilbao 25 5 11 45 2 1 0
Burgos 9 3 0 24 1 1 0
Cáceres 9 3 1 24 1 1 0
Cádiz 21 5 7 44 2 2 0
Castellón 11 3 3 26 1 1 0
Ciudad Real 12 4 1 26 1 1 0
Córdoba 17 5 2 49 2 2 0 1
Cuenca 5 2 0 13 1 1 0
Girona 14 4 3 29 1 1 0
Granada 18 4 6 34 2 1 0
Guadalajara 4 2 0 12 1 1 0
Huelva 10 3 1 25 1 1 0
Huesca 6 2 0 15 1 1 0
Jaén 13 4 2 28 2 1 0
Las Palmas 15 4 6 35 1 1 0
León 13 4 3 27 1 1 0
Logroño 6 3 0 16 1 1 0
Lugo 11 3 1 23 1 1 0
Lleida 9 3 1 22 1 1 0
Madrid 98 13 58 164 13 4 1 3
Málaga 28 6 9 47 3 2 0 1
Murcia 23 5 9 43 2 2 0
Ourense 10 3 1 23 1 1 0
Oviedo 29 6 15 58 3 2 0 1
Pamplona 12 4 3 29 1 1 0
P. Mallorca 19 5 6 37 2 1 0
Pontevedra 19 5 7 36 2 1 0
Salamanca 9 3 1 23 1 1 0
Santander 13 4 3 26 2 1 0
S.C.Tenerife 15 4 5 37 1 1 0
Segovia 4 2 0 12 0 1 0
Sevilla 34 7 14 81 3 2 0 1
Soria 3 2 0 9 0 0 0
S.Sebastián 14 4 4 33 1 1 0
Tarragona 15 4 4 31 1 1 0
Teruel 4 2 0 13 0 1 0
Toledo 13 4 1 29 1 1 0
Valencia 51 8 30 79 5 2 0 1
Valladolid 11 4 2 23 1 1 0
Vitoria 5 2 0 13 0 1 0
Zamora 6 2 0 16 1 1 0
Zaragoza 22 5 8 42 2 1 0(Sterne, 2009) to obtain ameasurement of RR (95% CI) at both a region-
al and national level.
All analyses were performed using the IBM SPSS Statistics v22 and
STATA v11.2 statistical software programmes, with the ArcGIS v10.2.2
software programme being used for geographical representation.
3. Results
Table 1 shows the descriptive statistics of the dependent and inde-
pendent variables used in this study.
By way of example, Fig. 1 shows, first a scatter plot diagram for raw
natural-cause mortality, second, the residuals of the same mortality se-
ries after pre-whitened with the ARIMA model and by last, shows the
mortality threshold temperature obtained for the city of Bilbao. As can
be seen, from a maximum daily temperature of 30 °C upwards, the
daily mortality residuals registered an anomalous, statistical signifi-
cance value. This value coincided with the 88th percentile of the maxi-
mum temperature series for the summer months of this period.um temperature (°C) by city in Spain 2000–2009 period.
Circulatory mortality Maximum temperature
ax Mean SD Min Max Mean SD Min Max
1 10 3 2 23 22.5 2.7 15.1 34.5
5 3 2 0 10 31.2 4.3 12.4 40.6
0 12 4 2 26 29.7 2.5 20.2 38.2
6 3 2 0 11 29.2 3.3 20.6 40.6
5 2 1 0 8 26.6 4.5 12.4 37.4
7 5 2 0 16 33.2 4.2 19.3 44.8
7 32 7 15 63 27.3 2.9 16.4 37.3
9 8 3 1 17 24.8 4.2 14.8 41.9
6 3 2 0 10 26.7 5.1 12.2 38.8
6 3 2 0 12 31.8 4.5 17.4 42.6
9 7 3 0 17 26.8 3.2 19.5 38.0
5 4 2 0 13 29.4 2.6 19.0 40.6
6 4 2 0 12 32.3 4.6 14.2 41.7
1 6 2 0 15 35.0 4.2 20.4 46.2
5 2 1 0 7 29.4 4.4 13.6 38.4
6 5 2 0 13 29.0 3.9 14.4 41.2
8 6 3 0 16 32.4 4.2 17.3 42.1
4 1 1 0 8 31.3 4.6 14.7 40.7
7 4 2 0 12 31.2 3.9 20.6 43.8
5 2 1 0 7 29.7 4.3 15.4 41.3
6 5 2 0 15 31.1 4.4 17.8 41.2
7 5 2 0 15 26.6 2.0 22.3 38.9
8 4 2 0 12 25.5 4.5 12.0 36.2
5 2 2 0 10 28.8 4.9 14.6 40.6
6 4 2 0 11 24.3 4.2 13.2 39.1
5 3 2 0 9 31.2 3.9 15.4 40.8
6 28 6 9 52 29.9 4.3 13.7 38.6
0 10 3 0 23 30.0 3.5 22.0 42.0
9 8 3 1 19 27.9 2.9 20.4 40.8
6 4 2 0 13 29.5 4.6 16.6 42.0
0 10 3 1 25 22.7 3.5 11.5 35.6
8 4 2 0 12 27.2 5.4 12.8 39.8
9 7 3 1 17 30.0 3.2 20.2 41.4
8 6 3 0 16 24.8 4.0 14.0 39.5
5 3 2 0 10 28.5 4.5 13.2 39.0
7 4 2 0 14 23.3 2.9 16.0 37.3
6 5 2 0 15 28.3 2.2 23.1 39.7
4 1 1 0 6 27.7 4.7 10.0 38.3
1 14 4 3 39 34.4 4.0 20.6 45.2
3 1 1 0 5 26.9 4.9 11.8 36.8
8 4 2 0 12 21.7 3.9 13.4 38.6
7 5 2 0 14 31.5 3.3 17.6 40.0
3 1 1 0 7 29.2 4.6 13.6 38.8
7 4 2 0 12 32.6 4.4 16.9 42.0
4 17 4 4 31 29.2 2.8 18.3 40.3
6 4 2 0 12 28.6 4.7 12.2 39.5
4 2 1 0 7 25.0 5.1 11.8 38.0
4 2 1 0 7 28.7 4.5 13.0 39.2
9 7 3 0 17 30.8 4.6 16.5 43.1
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52 provincial capitals (except Palencia for which there were no meteo-
rological data), Fig. 2 is obtained. These threshold temperatures ranged
from 26 °C in Corunna (A Coruña) to 40 °C in Cordoba, Seville and
Malaga. The percentiles to which the temperatures in Fig. 2 correspond
in relation to the maximum daily temperature series for this period are
shown in Fig. 3: these ranged from the 82nd percentile in the province
of Madrid to the 99th percentile in the province of Malaga. Of the pro-
vincial capitals analysed, 19 registered percentiles equal to or higher
than the 95th percentile which was the basis of the MSSSI's earlier pre-
vention plan (MSSSI, 2015), 9 coincided with the 95th percentile, and
the remainder were lower.
If the RRs associated with an increase of 1 °C are calculated for each
provincial capital, the results shown in Fig. 4 are obtained. In addition,
this figure depicts the RRs for each Autonomous Region and for Spain
as a whole.
This figure shows that the RRs for provincial capitals ranged from
1.27 (1.21–1.32) in the case of Caceres to 1.03 (1.00–1.06) in the case
of Murcia, with these differences proving statistically significant.
At a regional level, the values were very similar, both within and
among the respective Autonomous Regions, with Navarre displaying
the highest RR, 1.19 (1.13–1.25), and Murcia displaying the lowest RR,
1.03 (1.00–1.06); once again, these differences proved statistically
significant, though in the case of the provinces of Teruel and Soria the
effect of heat on mortality failed to display statistically significance.
For Spain overall, the RR was 1.11 (1.10–1.12).
As a general rule, threshold temperatures corresponding to low per-
centiles were found to be associated with low RRs, whereas threshold
temperatures corresponding to high percentiles tended to be accompa-
nied by higher RRs.
Fig. 5 shows the ARs for each provincial capital, which logically coin-
cided with their RR distribution, inasmuch as ARs are calculated on the
basis of RRs.
Lastly, Figs. 6 and 7 depict the forest plot resulting from the meta-
analysis, showing the RRs of circulatory- and respiratory-cause mortal-
ity for each provincial capital, each Autonomous Region and the country
as awhole. Aswill be seen, generally speaking, the effectwas greater for
respiratory-cause than for circulatory-cause mortality; and indeed, this
difference even proved statistically significant for Spain overall. Like-
wise, the number of capitals in which there was a heat-related effect
for respiratory but not for circulatory causes, was also higher.Fig. 1. Scatter plot diagrams for natural-cause mortality, natural-cause mortality residuals and
(Spain).4. Discussion
The results of the different mortality threshold temperatures ob-
served in Fig. 2 points to the phenomenon of heat habituation by popu-
lations in accordance with the range of temperatures to which they are
exposed (Kovats et al., 2006; Keatinge et al., 2000; Curriero et al., 2002),
and show that what for some provinces is a comfort or minimummor-
tality temperature, in others might be considered a threshold tempera-
ture for heat-related mortality (Díaz et al., 2006). In relation to the
percentiles shown in Fig. 3, there are multiple factors as demographic,
traditionally the age group of over 65 is the most susceptible to the
heat effects (Diaz et al., 2015) and the population pyramid is different
from one area to another. Another factors as socio-economics, such as
the access to air conditioning and the existence of infrastructure
adapted to extreme temperatures, and even public health factors, as in-
equalities in access to health services and the quality of these is differ-
ent, for last cultural differences as acclimation to heat, which cause
these to vary from one place to another (Montero et al., 2012;
Naughton et al., 2002; Nakai et al., 1999; Vandentorren et al., 2006).
It is of interest to analysewhether, in addition to the spatial variation
described above, theremight also be temporal variation. In this regard, if
the threshold temperatures reported here are compared to others pre-
viously calculated in other studies undertaken with similar methodolo-
gy and, needless to say, using older data series than those used byus, the
following changes will be seen to have taken place (Table 2).
This confirms the evolution over time of the above heat-relatedmor-
tality threshold temperatures (Linares et al., 2014a). As can be seen,
these temperatures fell in three provincial capitals, rose in four, and
remained the same in two. This different behaviour pattern from one
place to another could be due to the existence of twomutually opposing
effects. On the onehand, population ageing in Spain necessarily involves
an increase in the over-65 age group, the main group in which heat-
wave mortality rises most sharply (Díaz et al., 2002a; Montero et al.,
2012), and this in turnmeans that such ageingwould lead to a lowering
of heat-relatedmortality threshold temperatures. Counteracting this ef-
fect of a fall in thresholds— something that is directly related to the ef-
fectiveness of prevention plans (Meusel et al., 2004; Abrahamson et al.,
2008) — are medical and technological advances that will play an im-
portant role from the point of view of mitigating the impact of heat
waves. Then again, strategies in the construction of buildings, such as
the creation of green areas, and the use of heat-absorbent constructionthe threshold of maximum temperature and natural-cause mortality residuals in Bilbao
Fig. 2. Maximum temperature threshold's (°C) for daily mortality attributable to heat due to natural causes corresponding to 2000–2009 period in Spain.
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lation might be capable of bringing about a reduction of 1 °C to 2 °C in
the temperature of any given environment (Georgescu et al., 2014).
Lastly, the resilience of a population in terms of adapting to heat
would mean that the effects of thermal extremes on the population
would tend to diminish (Gosling et al., 2009). Depending on the areaFig. 3. Percentiles of the series of maximum daily temperatures associated witin question, the predominance of any one of these factors could account
for the decrease or increase in threshold temperatures. The fact that
“Threshold temperatures corresponding to low percentiles were found
to be associated with low RRs, whereas threshold temperatures
corresponding to high percentiles tended to be accompanied by
higher RRs” is not contrary with the biophysically or infrastructuralh heat-mortality due to natural causes in the period 2000–2009 in Spain.
278 J. Díaz et al. / Environment International 85 (2015) 273–283considerations about warmer cities, where the trigger threshold for
mortality should be higher. However, as our findings showed, high per-
centiles imply that those events occurs rarely and from a “statically
point of view”, the mortality due to heat should be divided among
these little extreme events, that leads to higher AR.Fig. 4. Relative risks (RRs) calculated for increases of 1 °C over the thresholdWhen it comes to analysing the RRs of natural-cause mortality
shown in Fig. 4 or their corresponding ARs in Fig. 5, it is interesting to
compare these values to those previously obtained for Spain usingmor-
tality data corresponding to the period 1995–2004 (Tobías et al., 2012).
Tobías et al.'s study calculated by how much the risk of dying hadtemperature associated to heat due to natural-causes mortality in Spain.
Fig. 4 (continued).
Fig. 5. Attributable risk (%) associated to heat-mortality when exceeded the temperature thresholds in Spain in the period 2000–2009.
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Fig. 6. Relative risks (RRs) calculated for increases of 1 °C over the threshold temperature associated to heat due to circulatory-causes mortality in Spain.
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Fig. 7. Relative risks (RRs) calculated for increases of 1 °C over the threshold temperature associated to heat due to respiratory-causes mortality in Spain.
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Table 2
Evolution of maximum temperature threshold's in some Spanish cities.
City Previous thresholds Actual thresholds
Value Period References
Madrid
36.5 °C 1986–1997 Díaz et al. (2002a) 34 °C
Barcelona 30.5 °C 1999–2003 Tobías et al. (2010) 32 °C
Sevilla 41.2 °C 1986–1997 Díaz et al. (2002b) 40 °C
Zaragoza 38 °C 1987–2006 Roldán et al. (2015) 36 °C
Toledo
38 °C 1975–2003 Montero et al. (2012) 38 °C
Guadalajara 35 °C 1975–2003 Montero et al. (2012) 38 °C
Albacete 36 °C 1975–2003 Montero et al. (2012) 36 °C
Cuenca 32 °C 1975–2003 Montero et al. (2012) 34 °C
282 J. Díaz et al. / Environment International 85 (2015) 273–283increased on days on which the thresholds applicable up to now had
been exceeded (MSSSI, 2015), based fundamentally on the 95th percen-
tile of the climate series. If our current results are compared to those
yielded by Tobías et al.'s study, it will be seen that in this latter study
there were many towns and cities in which the RR was less than unity
(i.e., therewas no effect of heat onmortality), and yet therewere others
in which the effect of heat was very pronounced. In other words, there
was a lack of uniformity in the pattern of risk associated with heat-
related mortality, not only at the level of contiguous Autonomous Re-
gions but also at that of neighbouring provincial capitals. This irregular
behaviour pattern is less evident in the results shown in Figs. 4 and 5,
in which the RRs were calculated for each provincial capital from the
mortality residuals scatter plot diagrams. As has been pointed out,
threshold temperatures calculated in this way, take into account a far
broader range of the underlying factors that influence the differentmor-
tality patterns and vary from one region to another, such as the popula-
tion pyramid, socio-economic and cultural levels, etc. When using
strictly climatological criteria, these differences are not reflected, and
translate as a lack of homogeneity in neighbouring regions, as stated
above.
Finally, it should be noted that the heat-related RR for Spain as a
whole according to Tobías et al.'s study was 1.24 (1.19–1.30), a figure
significantly higher than that of 1.11 (1.10–1.12) obtained for Spain
overall with the thresholds calculated ad hoc for each provincial capital.
This lower effect of heat onmortality could be due to two factors: on the
one hand, there is the lowering of the percentiles towhich themortality
threshold temperatures correspond, which would lead to the relative
risks being accordingly lower; and on the other, there is the possible de-
cline in the effects of heat over time. This latter aspect coincides with
what has been detected in recent studies, in the sense that the effects
of extreme temperatures, far from remaining constant, are changing
over time (Sheridan et al., 2008; Davis et al., 2003a,b), with a trend to-
wards the minimisation of such effects (Schifano et al., 2012;
Gasparrini et al., 2015); and, whereas the impact of this has been most
pronounced in the case of mortality due to cardiovascular causes (Ha
and Kim, 2013), the effect has remained practically constant in the
case of mortality due to respiratory causes (Mirón et al., 2015). This be-
haviour pattern would appear to be related to the improvement in
health services, particularly among patients with cardiovascular
diseases, and the above-described socio-economic improvements and
improvements in housing infrastructures and living conditions. Even
so, such improvements in health services and town planning could be
affected by situations and economic cycles that might reverse the
situation and increase the effects of thermal extremes on mortality
(Díaz et al., 2015).
ThedistributiondeRRs for circulatory and respiratory causes is logically
similar to that displayed bymortality due to natural causes, since the latter
are what most contribute to heat-related mortality (Díaz et al., 2002a).
Moreover, the finding that heat has less effect on circulatory-cause
than on respiratory-cause mortality coincides both with the above-
described trend and with studies recently undertaken in the centralpart of Spain (Mirón et al., 2015). In this case, the decline in
circulatory-cause mortality has been very marked, falling from an AR
of 30.3% in the decade from 1986 to 1997 to 7.3% in the decade from
1997 to 2008. In the case of respiratory-cause mortality in contrast,
the decline has been far less pronounced (16.3% versus 13.7%).
With respect to the limitations of this study and any possible
resulting biases, the following should be mentioned: firstly, in the case
of an ecological study such as ours, does not permit inferences to be
made at the level of individuals, for fear of the ecological fallacy arising
as a result of the use of pooled data. With reference to the quality and
consistency of the data analysed, there might possibly have been poor
classification of the cause of mortality. Other possible limitation is
about the representativeness of the temperature recorded always in
the capital of province, there are some previously papers that argue
this point (Mirón et al., 2006; Roldán et al., 2011). With regard to the
non-use of other environmental variables of interest, such as air pres-
sure and relative humidity, these were not included in the analysis
owing to their negligible relevance in the temperature-mortality rela-
tionship (Barnett et al., 2010; Montero et al., 2012). Insofar as particu-
late air pollution is concerned, the lack of quality data at a national
level rendered it their use inadvisable, owing to the risk of introducing
instability into the complete series, in the sense that air pollutants into
the GLM models modify lightly the impact of heat waves on mortality
(Linares et al., 2014b).
Furthermore, when it comes to methodological limitations, mention
should essentially bemade of two shortcomings inherent in a statistical
method which works with a high number of variables at a 95% confi-
dence level. The use of low daily numbers of deaths in some cities, gen-
erally leads to higher confidence intervals and a lower accurate findings.
This fact explain not age-adjust in our sample.
Another point is about the efficiency of the Spanish prevention plans
until the year 2014. The results obtained in previous assessments
showed, that these prevention plans do not result in a lower impact of
mortality attributable to heat (Kalkstein and Davis, 1989; Montero
et al., 2010; Culqui et al., 2014; Linares et al., 2015b). Nowadays, not
only due to improvements in health services, but also, in general, to
socio-economic improvements and the provision of infrastructures for
better living conditions, the revised prevention plans or merely the ac-
climatisation of the population to heat (Konkel, 2014) could suppose a
decrease in heat waves impacts (Mirón et al., 2015). The reduction in
the impacts of the heat waves detected in no way implies that these
are not going to be important in the future, since this reduction in im-
pact will, very probably, be offset by increases in heat-wave frequency
and intensity (IPCC, 2013).
In our opinion, these results amount to a change of paradigm when it
comes to defining a heat wave. Such a definition cannot be static. Not
only is it impossible to establish a single temperature that would serve
for all latitudes, but one cannot even establish a percentile of a series of
temperatures towhich a populationwill be exposed, since the relationship
between temperature and mortality varies over time. In contrast, it is the
search for a threshold temperature through consistent epidemiological
studies at which efforts to define a heat wave should be targeted: that is
to say, in accordance with the area studied, efforts should be targeted at
defining frompreciselywhich temperature the effects of heat on thehealth
variables considered are to be deemed unacceptable.
There can be nodoubt that the threshold temperature set in thisway
will be the consequence of the social, economic and demographic char-
acteristics of a given society. This will in turn ensure that implementa-
tion of prevention plans based on exceedance of the thresholds so
determinedwill result in a reduction in the impact of high temperatures
on the health of the population.
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